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Current Biology 28, R51-R65, January 22, 2018 © 2017 Elsevier Ltd. so generously for so long. They are bad partly because they can be unfair. Many of the biggest prizes -including the Nobel and Lasker Prizes -limit the number of winners to three each year in any one scientifi c area; in some cases, it's not possible to pick three winners without omitting equally worthy candidates, so either the award is unfair or some areas are unjustly by-passed. There is also an inevitable downside to each prize announcement every year because many more potential candidates are disappointed than are rewarded.
I do think the huge amount of money awarded with the big prizes makes little sense, as the winners don't need it, and they often win multiple prizes. One of the nice things about being a scientist is that your success is generally judged by your discoveries rather than the amount of money you make. The prestige of a science prize should not depend on its cash value. It would be better to reduce the prize money and use the savings to support young scientists.
Is scientifi c fraud a big problem, and, if so, what can be done to fi x it?
There is no doubt that fraud is very destructive to science. I think it is much more common than scientists generally believe or admit. That's because individuals and institutions almost always hide fraud when it occurs. When it is uncovered in a laboratory, it's usually not in the interest of the group leader, the innocent lab members, the institution, or science in general for the fraud to become widely known, as the reputation of all of them would suffer. This is why the default response is to sweep the fraud under the carpet, which is bad for science, and is why it is more common than the science community acknowledges.
What can be done about it? Fraud is often fi rst reported by a whistleblower, who usually gets squished like a bug. We need better ways to protect them and to acknowledge their courage and their importance to science. Institutions need to have clear rules and pathways for dealing with suspected fraud and to be more transparent in their investigations. Investigating committees should include lawyers to ensure due process and to avoid lawsuits. The scientifi c community needs to acknowledge that fraud is an important problem and discuss it more widely and more openly.
You closed your lab when you were about to turn 65. A compulsory retirement age in science is a hot topic at the moment. Do you have any regrets or thoughts? I have no regrets at all. I loved doing science and I love my retirement.
When I was about 50 years old, I learned that Michael Heldelberger, an eminent immunochemist at Columbia University, still had an NIH grant when he was 101. I realised that, if I followed his example, I was less than a third of the way through my scientifi c career, which I found acutely depressing. I promised myself then and there that I would retire by 65, and I immediately cheered up. I still have an offi ce at UCL, serve on some scientifi c advisory boards, and am involved in book writing. The main difference is that I no longer have to worry about my students and postdocs -their experiments, papers, mental state, and future; it was only after retirement that I realised how much I worried about these things.
Another great thing about retirement is that I get to read things I didn't have time to read before, such as the New York Review of Books. Also, it is well known that contentment tends to increase with retirement, at least partly because expectation -the denominator in measuring contentment -decreases with age. For all these reasons, I am a strong advocate for retirement, fully realising that my enthusiasm has depended on not having fi nancial worries and being relatively healthy. As has been true for my entire life, all of this has depended on a remarkable amount of good luck. Peter Ungar has an enviable, and justifi ed, international reputation for research that investigates how the microscopic damage food infl icts on the surface of teeth can be used to deduce what foods our ancestors were eating. In Evolution's Bite, Ungar confi rms what I have long suspectedthat he is a fi ne biologist with a knack for asking the right research questions. But what I had not realised was just how well-informed he is about the range of scientifi c endeavours that are relevant to understanding what foods are available to animals, which of these foods they choose to eat, and how and why they make these choices. Nor did I realise just how talented Ungar is at presenting complex ideas in a way non-scientists can understand, and thus appreciate why scientists do what they do.
If the molecular and morphological evidence is to be believed, somewhere in Africa -approximately eight million years ago -a sub-population of apes became suffi ciently isolated from its parent population to trigger the process of speciation. That sub-population became the stem species of the hominin clade: the rest of the parent population became the stem species of the panin clade. Anyone reading this review belongs to Homo sapiens, the only extant member of the hominin clade. The two extant members of the panin clade -common chimpanzees and bonobos -are our closest living relatives.
There is now overwhelming evidence that modern humans are the sister taxon of the panins, so this part of the scenario is as certain as anything in evolutionary biology can be. The timing of the split is more 'iffy' because it involves untested, and probably
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Current Biology 28, R51-R65, January 22, 2018 R57 untestable, assumptions about selection, mutation rates and the like, but the timing is unlikely to be off by more than a few million years. The business of palaeoanthropology is to locate fossil evidence that is judged to occupy the potential morphospace between the most recent common ancestor of hominins and panins and modern humans. Researchers used to rely exclusively on morphological methods to do this, but now ancient DNA is also available. In reality, however, ancient DNA is only available for taxa that are pretty obviously hominin, so we still have to rely on morphology to identify early hominins.
At the beginning of my teaching career, one class was all I needed to introduce students to the sciences that contribute to palaeoanthropology research. Now I devote a third of a course on palaeoanthropology to make sure students are familiar with the science that underpins efforts to understand the fossil evidence and its context. How do we know how old the fossils are? Is the fossil record a biased or an unbiased sample of the animals that were alive at the time? What type of landscape and habitat did those animals occupy? How did they move around? What did they eat? What was their social structure?
One category of popular books about human evolution focuses on 'derring-do' tales about how particular fossil evidence was discovered and recovered. Books in this genre vary widely in quality, and science generally tends to take a back seat. it eventually chooses to eat, but how do you reconstruct the diet of an extinct organism for which none of this can be observed? Traditionally, this would have been done by looking at the part of the body that comes into contact with all of the food we ingest -the teeth. It is a palaeontological truism that the shapes of tooth crowns carry a strong dietary signal. Blade-like postcanine teeth are for slicing meat or grass, and teeth with fl atter crowns are for breaking open fruit items. But there are several problems with using tooth morphology to reconstruct diet. First, there is good evidence that the shape of tooth crowns is conservative in the sense that there is a substantial lag between a change in dietary strategy and changes in tooth morphology. Second, there are lots of animals whose diets are not restricted to a single food item, so their dietary signal is more ambiguous. Third, we know from living animals that local populations are adept at adapting their behaviour to eat food items their teeth are not obviously suited to process. Lastly, tooth shape seems to be a better guide to the physical properties of food items (e.g., does the food item fracture or tear?) than it is to the type of food ingested. Given these problems, researchers have explored other ways to reconstruct diet. For instance, they have looked at the rate and manner in which teeth wear. Wear -which is a loss of any tooth volume, large or small -occurs when teeth come into contact with items that are harder than the enamel covering the surface of a tooth. Minerals in plants and extraneous grit are two of the major drivers of tooth wear. Gross tooth wear leading to fl attening of the cups and exposure of the underlying enamel is obvious to the naked eye. But gross wear is the end result of many episodes of Peter Ungar's special interestmicrowear. Researchers have also exploited how the chemistry of the hard tissues -specifi cally the proportion of isotopes of carbon and oxygen in enamel -can be used to reconstruct diet. One would have thought that with all of these methods in play, by now we would have a pretty good idea about the diets of extinct hominins. But that is not the case.
One of the main reasons hominin diets are still a matter of controversy is that the methods described above operate at very different temporal scales. At one end is tooth shapethe supertanker of dietary signalswhich is slow to react to changes in the availability of food items. Not only that, within any particular mammalian lineage, developmental constraints limit the ways teeth can respond. At the other end is microwear, which refl ects the physical properties of the foods eaten by that individual in the few weeks before its death. So for microwear to be a useful indicator, we must assume that what was being eaten immediately prior to the end of the animal's life refl ects its diet in the longer term. Tooth chemistry is between the two temporal extremes in the sense that -depending on how the enamel is sampled -the stable isotopes in enamel taken from the side of a tooth will sample more or less the few hundred days it takes to form the enamel cap of a large hominin tooth crown. Another reason is that it is not clear what drives selection on tooth size and shape. Is it to cope with the foods that members of a species prefer to eat, or is it to allow them to process foods they resort to when the going gets tough? The former are called preferred foods: the latter fallback foods.
Evolution's Bite covers all these topics and more. As Ungar writes, "the central premise of this book is R58 Current Biology 28, R51-R65, January 22, 2018 © 2017 Elsevier Ltd. that climate change drove human evolution, in large part by swapping out food options available on the biospheric buffet" (p. 197). He puts his own wide experience in the fi eld and in the laboratory to good use as he takes us through the evidence that ranges from observations about wild primates in Africa and Southeast Asia to the changes that accompany the onset of farming and husbandry. He also walks us through the hominin fossil evidence, as well as the evidence for past climate change. Ungar uses data from several fi eld studies to make the point that attempts to predict the diet of living primate populations are problematic. In reality, populations show a lot more dietary fl exibility than suggested by the conventional dietary categorization of each species. Moreover, as Joanna Lambert showed in her study of the mangabeys from Kibale National Park in Uganda, some of this dietary fl exibility only manifests itself when populations respond to once-in-a-generation food shortages. The examples Ungar has assembled make a strong and eloquent case for long-term observations at the same site. They are also chastening for researchers who have to rely on hard-tissue evidence to generate hypotheses about the diets of extinct taxa.
There are remarkably few errors, and almost all are minor. Early on in the book, he suggests that teeth are "ready-made fossils that have remained virtually unchanged for millions of years", but in that case, how is it that they can "track changes from one species to the next" (p. 1)? In fact, dental morphology features in almost all of the diagnoses of new hominin species. And in the next edition, I suspect Niles Eldredge would better appreciate his 'call out' if his name is spelled correctly. But, as I suggested, these are minor glitches.
My main beef with Ungar's book is that he seems to buy in to the narrative that it was "climatic instability" (p. 167) that drove the emergence of Homo, suggesting the bigger story was "the increasingly variable climate with alternating cycles of warm-wet and cool-dry conditions". This is part of what Ungar refers to as a "whole new direction for human origins studies", namely the "search for evidence to tie specifi c events in our evolution to largescale changes in climate" (p. 86).
The problem with this focus is threefold. First, the existing site samples of extinct hominin taxa that provide what is called the 'fi rst appearance date' of each taxon are extremely unlikely to sample the actual fi rst appearance of that taxon. So linking an observed fi rst appearance date to climate change, unless there is sound evidence that it reliably refl ects the actual fi rst appearance of a taxon, is fraught with problems. Second, existing early hominin fossil sites sample between approximately 3 and 4% of Africa's land surface. Chasing existing, observed fi rst appearance dates implies there is no prospect of fi nding earlier evidence of a taxon in other parts of Africa. It also assumes that the regions where the fossil sites are located are the regions where all of the signifi cant events in hominin evolution took place. These are unreasonable and unwise assumptions. Third, one of the key ways in which science differs from other forms of knowledge generation is that its theories are based on hypotheses that can be falsifi ed with empirical, reproducible evidence. Because of this, there are systematic constraints on the types of questions we can answer about the past. Inferring 'cause and effect' links between fl uctuations in regional and global climates and events in human evolution, with no way of empirically evaluating such links, is such a question.
So did Ungar "bite off more than he could chew"? Certainly not. Evolution's Bite -which should really have been called Evolution's Chew -would make an excellent text around which to structure a graduate seminar on human evolution. It also provides an excellent insight into the ways many branches of science are being harnessed to help trace the dietary history of the hominin clade. I learned a good deal from reading this well-written, engaging and erudite survey. I heartily recommend it.
